General rights It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s) and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open content license (like Creative Commons).
Introduction
o-Semiquinone radical-anions 1 are very remarkable ligands, able to form stable radical complexes with both transition 2,3 and nontransition 4,5 metals. When bound to a metal atom that does not possess unpaired electrons and that is difficult both to reduce and to oxidize, semiquinones (SQ) often behave as organic radicals stabilized by the coordination. Some SQ complexes of Co III 6-9 or of nontransition metals like Zn II 10 are typical examples. Such complexes pose a unique opportunity to investigate the properties of a radical-anionic ligand and to study how the unpaired electron on the ligand interacts with the metal, thus affecting the behavior of the complex molecule. Semiquinones are redox-active ligands, see Scheme 1, which may easily be reduced to catecholates (Cat) and oxidized to quinones 1 (Q) while remaining bound to the metal. 2,3,11 Therefore, an ambiguity in the assignment of the oxidation states to the metal atom and to the dioxolene 1 ligand arises whenever a semiquinone is coordinated to a redox-active metal. 2,3,11 Thus, a complex molecule that contains a [M n+ (SQ)] unit may, in principle, have two other valence isomers, 11 which differ only in the distribution of the electrons between the metal and the dioxolene ligand, [M (n+1)+ (Cat)] and [M (n-1)+ (Q)]. Some dioxolene complexes are known to exist in two such different valence forms, depending on factors such as the nature of the co-ligands, environment, or temperature. 2,3,11 For example, copper-dioxolene complexes occur as Cu I -semiquinone, [Cu I -(L) 2 (DBSQ)], when "soft" co-ligands such as phosphines, phosphites, CO, isonitriles, alkynes, alkenes, and thioethers are pres- † Universiteit van Amsterdam. ‡ J. Heyrovský Institute. X Abstract published in AdVance ACS Abstracts, January 15, 1996. (1) The term "dioxolene" (Diox) is used for ligands derived from 1,2-dioxobenzene, irrespective of their oxidation state, i.e. for catecholate dianion (Cat), o-semiquinone radical-anion (SQ), or o-quinone (Q), without specifying the substituents on the benzene ring. The individual oxidation states of the 3,5-di-tert-butyl-1,2-dioxobenzene (DBDiox) are denoted DBCat, DBSQ, and DBQ. ent in their coordination spheres. [12] [13] [14] [15] When the ligand L is substituted for a harder ligand, e.g., 2,2′-bipyridine, a complete switchover to the [Cu II (bpy)(DBCat)] isomer occurs. 4 -n (L) n (DBSQ)] (n ) 0, 1, 2) are very suitable systems to investigate the co-ligand influence on the electron distribution and (de)localization between the metal and the semiquinone ligand. Although the radical character of these complexes was recognized earlier, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] no such systematic study has been undertaken so far. Hence, to better understand the bonding properties of the DBSQ ligand, we have generated a series of complexes [M(CO) 4-n (L) n (DBSQ)] (M ) Re, Mn; n ) 0, 1, 2) (see Figure 1 ) with the co-ligands L of widely varied bonding properties and studied their IR, resonance Raman, electronic absorption, and EPR spectra, as well as the electrochemical redox potentials. When the information obtained was combined, it was possible to address the question of how increasing electron density on the metal atom influences the extent of electronic delocalization within the [M I (SQ)] chelate ring.
Experimental Section
Materials. 3,5-Di-tert-butyl-1,2-benzoquinone, DBQ (Aldrich), was recrystallized from n-heptane. Re 2(CO)10 and Mn2(CO)10 (Strem) were used without further purification. Purity of the ligands (L ) THF, Me 2CO, MeC(O)Ph, py, NEt3, Ph3PO, SbPh3, AsPh3, PCy3, P(OPh)3, PPh 3, dppe-p, PPh2Et, P(OEt)3, PEt3 obtained commercially ( (Fluka) were distilled from a sodiumbenzophenone mixture or from P 2O5, respectively. Pyridine (Merck) was dried by refluxing with KOH followed by a fractional distillation. Benzene was distilled from a Na wire or from LiAlH 4. Solutions for photolyses were freeze-pump-thaw degassed and handled under vacuum. Electrochemical and spectroscopic studies were carried out using argon or nitrogen atmosphere.
Generation of Semiquinone Complexes. [Re(CO) 4(DBSQ)] was generated by irradiation of a stirred solution (10 mL) of 5 × 10 -3 M Re 2(CO)10 and 10 -2 M DBQ in degassed benzene or CH2Cl2 with a 125 W medium-pressure or a 200 W high-pressure mercury lamp overnight. The 300-370 nm irradiation spectral region was selected by a combination of the Pyrex glass of the reaction vessel and a UG11 Oriel band-pass filter. Nearly complete (>95%) conversion to [Re-(CO) 4(DBSQ)] was accomplished, as was determined by IR spectra.
[Re(CO) 3(L)(DBSQ)] complexes were generated by an addition of a 10-fold molar excess of the ligand L to the solutions of [Re(CO) 4-(DBSQ)] under vacuum or inert atmosphere. [Re(CO) 2(L)2(DBSQ)] complexes, L ) PPh 3, P(OPh)3, or AsPh3, were produced by photolysis of [Re(CO) 3(L)(DBSQ)] solutions with a 10-fold excess of L overnight.
[Mn(CO)3(THF)(DBSQ)] was generated by an oxidation 28 Instrumentation. Electronic absorption spectra were obtained on a Hewlett-Packard 8452A diode array or a Perkin-Elmer Lambda 5 spectrophotometer. Varian E4 and Bruker 300 X-band spectrometers were used to measure the EPR spectra. The g factors were determined against the DPPH standard (g ) 2.0037). IR spectra were obtained 
on the following FTIR instruments, detectors and spectral resolutions being specified in parentheses: Philips PU9800 (DTGS, 4 cm -1 ), Nicolet 7199B (liquid N 2 cooled MCT, 1 cm -1 ), and Bio-Rad FTS-7 (DTGS, 2 cm -1 ). Resonance Raman spectra were measured on a Dilor XY Raman spectrometer that employs a backscattering geometry. Sample solutions were placed in demountable IR cells equipped with NaCl windows and excited either by a SP 2016 Ar + laser or by a CR-590 dye laser employing Coumarine 6 or Rhodamine 6G dyes pumped by the Ar + laser. Cyclic voltammetry measurements were performed in 10 -3 M sample solutions containing 10 -1 M Bu4NPF6 using a PA4 polarographic analyzer (EKOM, Czech Republic) or PAR Model 173 potentiostat. Potentials were measured on a Pt disk working electrode against a Ag wire pseudoreference electrode and are referenced to the ferrocene/ferrocenium (Fc/Fc + ) redox couple used as an internal standard. 35 Spectroelectrochemical generation and investigation of the Mn-semiquinone complexes were carried out in an IR-OTTLE cell 34 equipped with a Pt minigrid working electrode (6 × 5 mm rectangle, 32 wires/cm). The same OTTLE cell 34 was used to obtain Raman, FTIR, and UV-vis absorption spectra using NaCl, KBr, and CaF 2 windows, respectively. Usual sample concentrations for the spectroelectrochemical studies were in the range 5 × 10 -3 to 10 -2 M with 3 × 10 -1 M Bu4NPF6 added.
Results and Discussion
The complexes studied were characterized in solution by their FTIR and EPR spectra which confirmed their compositions and structures shown in Figure 1 . No radical-or carbonyl-containing impurities have been detected.
IR Spectra in the ν(CtO) Region. IR ν(CtO) stretching frequencies of the complexes under study are summarized in Table 1 . Typical 36-39 spectral patterns observed are consistent with the configurations indicated in Figure 1, Table 2 for parameters) centered at g values that are only slightly lower than the g factor of the free DBSQ radical-anion (g ) 2.0051 in 10 -1 M Bu 4 NPF 6 / THF), 23 indicating that the unpaired electron is dominantly localized on the DBSQ radical ligand. Small, but definite, deviation of the g-factors below the free DBSQ value points to the presence of a low-lying unoccupied MO that is mixed with the singly occupied MO (SOMO), both MO's involved containing small contributions from the metal d orbitals. 40, 41 Hyperfine splitting due to the metal nuclei M ) 55 Magnitudes of the metal splitting constants show that the spin density on the metal atom is, in all complexes studied, rather small. Thus, the a M values are comparable with those of "spinadducts" of Mn(CO) 5 • and Re(CO) 5 • radicals with nitroso compounds 42,43 which were formulated as Mn I and Re I complexes of radical-anionic ligands. The a Mn values are much smaller than those observed for a related Mn 0 complex [Mn(CO) 3 (DBCat)] 2-, 53.4 G, 28 and for Mn II complexes. 44 The ratio between a M and the theoretical splitting constant A iso , calculated 44, 45 for an unpaired electron localized in the outer metal s orbital, ranges from 0.2% to 1.8% for Re-semiquinones and from 0.3% to 2.6% for Mn. Similar low a M /A iso values were reported 46-49 for complexes of diimine radical-anions bound to metal atoms with a spin-paired d 6 configuration, e.g. Cr 0 , Mo 0 , W 0 , Mn I , and Re I . From the data in Table 2 , it follows that the a M splitting constants increase with decreasing number of the CO ligands and, for P ligands, in the order P(OPh) 3 < P(OMe) 3 < PPh 3 < PPh 2 Et < PR 3 that reflects their decreasing π-acceptor and increasing σ-donor ability. Increasing electron density on the Re atom raises the energy of the M d(π) orbital, whose interaction with the DBSQ-localized SOMO strengthens. Hence, the changes of a M splitting constant may be correlated with the changes of the metal-localized spin density transmitted through the d(π)-π* (SOMO) delocalization. This conclusion is fully supported 44 by the observed linear correlation between a Re and the g-factor shown in Figure 2 , since the increasing participation of the d(π) orbital in SOMO also increases the contribution from the large spin-orbit coupling of the Re atom, thus diminishing the g-factor. Small deviations from the a Re -g correlation observed for complexes with co-ligands like AsPh 3 , SbPh 3 , and bulky PCy 3 or hard N and O donors probably reflect 44, 45 variations in the radial wave functions of the Re s and d orbitals caused by changes in the Re-L σ-bonding, instead of a different extent of the Re-DBSQ π-bonding.
Rather large a L values are fully consistent 41 with the ligand L occupying the axial, i.e. cis, position with respect to the DBSQ radical ligand. The hyperfine coupling to the co-ligand donor atom originates mainly in the π*/σ ML hyperconjugation 41, [44] [45] [46] [47] that is efficient only when the co-ligand is in a position cis to the radical ligand with the M-L bond(s) perpendicular to the DBSQ plane. Accordingly, the a L values observed are rather large, especially in comparison with pseudotetrahedral [Cu I (L) 2 -(DBSQ)] complexes 12 where the M-L bonds are bent away from the DBSQ ligand. In addition to the π*/σ ML mechanism, some spin density is also transmitted to the P atom from the DBSQ ligand through the metal d(π) orbital as is indicated by a P values found for phosphites (stronger π-acceptors) which are somewhat larger than those for phosphines.
Electronic Absorption Spectra. All the Re-semiquinone complexes studied exhibit a single broad absorption band in 
the visible spectral region ( ) 4300-6500 M -1 cm -1 ) with a long weak ( e 500 M -1 cm -1 ) tail extending into the near infrared spectral region. For [Re(CO) 4 (DBSQ)], shoulders were detected at 825 and 980 nm. Band parameters are listed in Table 3 .
The maximum of the visible absorption band of [Re(CO) 4-n(L) n (DBSQ)] shifts to lower energies with a decreasing number of CO ligands. Among both the tri-and dicarbonyl series, the absorption energy decreases with decreasing π-acceptor and increasing σ-donor strength of the co-ligand(s) L, i.e. with increasing electron density on the Re atom. This co-ligand effect points to the d(π) f π* (DBSQ) MLCT character of the electronic transition(s) involved. The absorption maxima shift slightly to lower energies with decreasing solvent polarity, in agreement with their MLCT assignment. The d(π) f π*-(DBSQ) transitions are directed into the 3b 1 SOMO 10,50 of the DBSQ ligand (b 1 refers to the idealized C 2V local ligand point group). The 3b 1 SOMO overlaps with the d yz metal orbital (see Figure 1 for axes orientation). Therefore, the d yz f 3b 1 transition is expected to be the most intense of the three d(π) f 3b 1 MLCT transitions possible and, hence, responsible for the main visible absorption band. This assignment is also in line with earlier 6,9,10,51,52 studies on electronic spectra of other semiquinone complexes. Further weak transitions that might contribute to the absorption band and to its low-energy tail may belong either to the less intense d x 2 -z 2 f 3b 1 and d xz f 3b 1 MLCT or to the DBSQ-localized intraligand transitions. The latter have been observed to occur below 15 000 cm -1 with extinction coefficients lower than 500 M -1 cm -1 for free DBSQ 53 as well as for many of its complexes. 10,51 These intraligand transitions were described 10,51 as n f π*(3b 1 -SOMO), the n orbital being the symmetrical (9a 1 ) combination of the lone electron pairs of the two DBSQ oxygen donor atoms. This assignment was based on CNDO/2 and Fenske-Hall calculations 10,50 of the 1,2-benzosemiquinone molecule which indicated that the n(9a 1 ) orbital is the HOMO of the free ligand. However, these calculations take into account neither the ligand open-shell nature nor the strong involvement of the 9a 1 orbital in the σ-bonding to the metal. Therefore, we expect the n(9a 1 ) f π*(3b 1 ) transition to occur at higher energies and to be rather dependent on the nature of the metal atom. Hence, we prefer to assign the weak low-energy absorption to π*(SOMO) f π** transitions of the DBSQ ligand. Analogous transitions were found in many other organic radical-anions. 54, 55 Spectra of the Mn complexes usually show two broad bands in the visible region tailing into NIR. One band with a shoulder on its high-energy side was found 31 
-donor and decreasing π-acceptor properties of the co-ligand-(s). This trend is most obvious in the [Mn(CO) 2 (L) 2 (DBSQ)]
series and supports the assignment of the main absorption maximum to the d yz f 3b 1 MLCT transition. The less intense absorption band present in the spectra of some of the Mn I complexes studied, see Table 3 , may be assigned to other d(π) f 3b 1 MLCT transition(s). Intraligand DBSQ-localized transitions contribute again to the low-energy weak absorption that extends into the NIR.
All the Re-and Mn-semiquinone complexes have very strong absorptions in the UV region which belong to the DBSQ intraligand transitions. This is manifested by the narrow band at 310 nm ( ) 9380 M -1 cm -1 ) for [Mn(CO) 3 (THF)(DBSQ)] which is very similar to the absorption band 53 of free DBSQ. Analogously, both [Re(CO) 4 Table 5 . Intensities of all the Raman bands decrease when the excitation was tuned to shorter wavelengths, out of the visible absorption band, thus proving their (pre)-resonance intensity enhancement. The rR spectra are dominated by a strong peak in the 1400-1450 cm -1 range, i.e. in the region characteristic 2,3,6,11 of the ν(CdO) stretching vibration of coordinated semiquinones. Raman bands at 1524 and 1528 cm -1 found for [Re(CO) 4 The enhancement of the Raman bands due to the intra-DBSQ ν(CdO) and ν(CtO) vibration is in full agreement 58-60 with the d(π) f 3b 1 MLCT character of the resonant electronic transition which affects the DBSQ CdO bonds through the population of the CdO π-antibonding 10,51 3b 1 orbital. The C-C bonds are affected to a much lesser extent as 3b 1 is only weakly antibonding to the C(3)-C(4) and C(5)-C(6) bonds and weakly bonding with respect to the C(1)-C(2) and C(2)-C(3), C(4)-C(5), and C(6)-C(1) bonds. 10,50 Hence, the peaks due to C-C vibrations exhibit much smaller enhancement. The Raman peak due to the ν(CtO) vibration is enhanced because of the depopulation of the d(π) orbital(s), involved in the RefCO back-bonding, upon the MLCT excitation. 58 Observation of the resonant enhancement of the ν(Re-O) peak shows that the bonding within the Re(DBSQ) chelate ring is also affected by the MLCT excitation. Generally, we may expect 59,60 that the enhancement of this peak will increase with increasing mixing between the d yz and 3b 1 orbitals, which is equivalent to a partial π-bonding between Re and DBSQ. The MLCT excitation then gains, in part, a character of a π(Re-O) f π*(Re-O) transition. The effect of the electronic excitation on the Re-O and semiquinone CdO bonds may be compared using the ratio between the intensities of the Raman bands due to corresponding stretching vibrations. It may be approximately expressed as 61 where ω is the vibration frequency and ∆ is the displacement of corresponding normal coordinates upon the resonant electronic excitation. Calculated ∆(Re-O)/∆(CdO) ratios of the ν(Re-O) and ν(CdO) normal mode displacements, shown in Table 5 , indicate rather strong relative excited state distortion of the skeletal normal modes of the Re(DBSQ) ring which increases with decreasing number of CO ligands.
Electrochemistry. Table 4 summarizes the reduction and oxidation potentials of the complexes investigated. Unless stated otherwise, the redox couples listed in Table 4 are electrochemi- Table 3 . 10 -1 M Bu4NPF6 added. Scan rate: 100 mV/s. Compounds are listed in the order of decreasing oxidation potential.
d Electrochemically irreversible, ∆Ep > 100 mV. Large ∆Ep (120 -140 mV at room temperature observed for the reductions of Re complexes (L ) CO, Ph3PO, Me2CO, P(OPh3), AsPh3) appears to be caused by subsequent chemical reactions. 31 e Complicated oxidation mechanism, electrode passivation.
f Chemically irreversible (Mn) or partly reversible (Re).
g In the presence of excess P(OEt)3. h In the presence of excess PEt3.
cally reversible or quasireversible. As we have shown previously, [28] [29] [30] [31] both the oxidation and reduction are localized on the DBSQ ligand, producing quinone and catecholate complexes, respectively. Complicated chemistry that follows the reduction of some Re complexes 30 ( Neglecting the changes in the entropy and solvation energy, and assuming that neither the energies nor the (de)localization of the redox orbitals are dependent on the number of electrons in the molecule, the reduction potential of spin-doublet semiquinone complexes may be expressed 62, 63 by the SOMO orbital energy, i , and the Coulombic integral J ii : E 1/2 (red) ) -i -J ii + constant. The oxidation potential is related to i only, 62, 63 E 1/2 (ox) ) -i + constant. The difference between the oxidation and reduction potentials (∆E 1/2 , Table 4) is then approximately equal to the value of J ii (positive). If both the oxidation and reduction were indeed fully DBSQ-localized, the redox potentials were expected to be nearly independent of the composition of the coordination sphere and ∆E 1/2 expected to be constant and close to the free ligand value, 0.61 V. A linear correlation between E 1/2 (ox) and E 1/2 (red) would then be predicted. Data in Table 4 clearly show that ∆E 1/2 is much larger than expected, around 1 V. The general trend of decreasing oxidation potential with decreasing reduction potential was observed, although the linear correlation predicted by the simple model was not found (see Figure 4) . The largest deviations occur for [Re(CO) 2 (L) 2 (DBSQ)] whose oxidation potentials appear to be smaller than expected. The same effect occurs in the Mn series, see Table 4 .
Dependence of the ligand-localized redox potentials on the co-ligands may also be discussed in terms of the ligand-specific electrochemical parameters E L (L) 64, 65 ] redox couple than on the oxidation of the tri-and tetracarbonyl semiquinones. However, these differences in the electronic delocalization have to be much larger in the oxidized products, [Re(CO) 4-n (L) n (DBQ)] + , than in the parent semiquinones, since the discontinuity between the tri-and dicarbonyls was not found for the reduction potentials.
To account for these observations, it should be noted that both the wave function and energy of the 3b 1 frontier orbital and, hence, the extent of the metal-dioxolene delocalization depend strongly on the oxidation state of the dioxolene ligand. 11 From the electrochemical data alone, it is thus difficult to distinguish whether the co-ligand dependence of the redox potentials arises from a strong electronic delocalization in the semiquinone complexes themselves or in their redox products, i.e. quinone and catecholate complexes. The redox potentials may then be expressed as where E r (red) and E r (ox) stand for the relaxation energies (negative) which correspond to an extra stabilization of the reduced and oxidized product, respectively, by changes of the orbital and correlation energies upon the electron transfer. For dioxolene complexes, these quantities might be the dominant contributions to the redox potentials. The spectroscopic studies of the Mn I and Re I quinone and catecholate complexes suggest that E r (ox) is the most important term, especially for the [M(CO) 2 (L) 2 (DBSQ)] which are oxidized to exceptionally stable quinone complexes with a delocalized M(DBQ) + bonding. [28] [29] [30] [31] Consequently, the oxidation potentials of [Re(CO) 2 (PPh 3 ) 2 -(DBSQ)] and [Re(CO) 2 (AsPh 3 ) 2 (DBSQ)], and, to a lesser extent, also of [Re(CO) 2 {P(OPh) 3 } 2 (DBSQ)], are more negative than expected either from the general trend between the oxidation and reduction potentials (Figure 4) 
The spectroscopic and electrochemical data discussed in the preceding sections provide compelling evidence that all the [M(CO) 4-n (L) n (DBSQ)], n ) 0, 1, 2, complexes investigated may best be formulated as containing a radical-anionic DBSQ ligand bound to a formally M I central atom with a spin-paired d 6 configuration, regardless the number of the CO ligands and the nature of the co-ligand(s) L. This conclusion is also in full agreement with the molecular structure 66 of [Re(CO) 3 (PPh 3 )-(DBSQ)] which meets all the usual structural criteria 2,3,11,67 for a coordinated semiquinone ligand. 
The influence of the nature of the co-ligands on the properties of the [M(CO) 4-n (L) n (DBSQ)], n ) 0, 1, 2, complexes may be interpreted by competitive M f DBSQ and M f CO π-backbonding. From this point of view, comparison of the data obtained for the [Re(CO) 4-n (PPh 3 ) n (DBSQ)] (n ) 0, 1, 2) series, summarized in Table 5 Table 1 , suggesting that the π-acceptor capacity of the DBSQ ligand is significantly smaller than that of 2,2′-bipyridine. IR data thus show that the changes in the electron density on the metal atom induced by the co-ligand(s) are compensated mostly by the π-back-bonding to the CO-ligands.
Nevertheless, the properties of the [M(CO) 4-n (L) n (DBSQ)] complexes studied are strongly influenced by the M f DBSQ π-back-bonding whose extent depends on the co-ligands. This is shown by coherent trends of all relevant parameters listed in Table 5 . The decrease of the intra-DBSQ ν(CdO) frequency and of the g factor and parallel increase of the Re hyperfine splitting constant a Re with decreasing number of CO ligands along the [Re(CO) 4-n (L) n (DBSQ)], n ) 0, 1, 2, series point to an increasing donation of the d(π) electron density from Re to the 3b 1 (i.e. CdO antibonding) orbital. Correlations between these parameters (see Figures 2 and 5 ) indeed show that they reflect the same structural factor, namely the Re-DBSQ π-delocalization that results from the d(π) -3b 1 mixing. Parallel evidence for increasing Re-DBSQ π-interaction along this series is provided by the electronic transition which changes in character along the [Re(CO) 4-n (PPh 3 ) n (DBSQ)], n ) 0, 1, 2, series from d(π) f 3b 1 MLCT to partly delocalized (d(π) + 3b 1 ) f (d(π) -3b 1 ). This is manifested by increasing excited state distortion of the bonds involved in the ν(Re-O) vibrational mode relative to the distortion of the DBSQ CdO bonds (see Table 5 , ∆(Re-O)/∆(CdO)). Increasing Re f DBSQ π-backbonding also results in strengthening of the Re-O bond and, possibly, of the electronic and vibrational coupling within the Re-O-C 1 -C 2 -O chelate ring, as is shown by increasing ν-(Re-O) frequency with decreasing number of CO ligands. The negative shift of redox potentials with increasing electron donation from the co-ligand(s) reflects an increase in the energy of the DBSQ 3b 1 redox orbital caused by increasing mixing with the metal d(π) orbital. In addition, extra stabilization of [M(CO) 2 (L) 2 (DBQ)] + oxidation products [28] [29] [30] [31] contributes to the drop in oxidation potentials between tricarbonyls and dicarbonyls. Interestingly, a correlation was found between E 1/2 (ox) and the parameters that reflect the strength of the Re-DBSQ π-interaction, namely a Re and the intra-DBSQ ν(CdO) frequency (see Figure 5) . Apparently, the increase of the delocalization energy upon the oxidation depends on the composition of the coordination sphere in the same way as the π-interaction within the Re(DBSQ) chelate ring itself. Interestingly, the sensitivity of the spectroscopic and electrochemical parameters to the co-ligand and even solvent nature is higher in the dicarbonyl than tricarbonyl series, apparently because of lower π-acceptor capacity of the M(CO) 2 fragment compared with that of M(CO) 3 .
The spectroscopic and electrochemical data thus provide definite evidence for a limited π-donation from Re I or Mn I to the DBSQ ligand whose extent may be finely tuned by the coligands. The absolute magnitude of the M f DBSQ π-backdonation remains, however, rather low. Importantly, all the spectroscopic parameters change gradually with changing composition of the coordination sphere, ruling out any switchover to a valence isomer other than [M I (DBSQ)] within the [M(CO) 4-n (L) n (DBSQ)] (n ) 0, 1, 2) series, regardless of the nature of the co-ligands. The carbonyl-semiquinone complexes 
